A.bstract A recent study of the magneto-optic properties in fcc cobalt indicates that the polar KeO' activity in a photon energy range from 2 to 5 eV is much higher than that of the hcp phase. The samples used for this measurement were about 1,000 A thick e-beam evaporated films grown on a Cu seeding layer. Structural analysis using grazing angle X-ray diffraction, TEM, XPS, AES, and RBS indicates that the films are single ClryStal of high quality and there is no indication of interdiffusion between the layers. The present result provides the confidence in the data published for the magnetic and magneto-optic properties of the fcc Co phase.
Introduction
Recently, the magneto-optic polar Ken activity in fcc cobalt has been found to be much stronger than that of hcp cobalt in a photon energy range from 2 to 5 eV(l) (Fig. 1 ). Because the result was obtained for very "thick" fcc Co fllms grown on a Cu seeding layer deposited by an electron beam deposition technique, it is important to clarify the quality of the single crystallinity. TIle present paper describes the microstructure of those films in conjunction with the magnetic and magneto-optical properties.
Experimental Results and Discussion
Films were made by the electron-beam evaporation in a vacuum beuer than 10'7 ToO'. Prior to the deposition of the Cu seeding layer, the Si substrate was degreased and etched in a 10% HP de-ionized water. Cu was deposited at a rate of 10 A/sec. Two different growth orientations have been performed, namely <100> and <111> orientations along the film normal. In the case of <:100> orientation, the grazing angle x-ray diffraction pattern indicates that the <100> axis of t.hl~ Cu fllm was rotated by 45° in the (00 1) plane with respect to the < 1 00> axis of the Si (lOO) substrate. This leads to a much smaller mismatch (6%) than that (-40%) without any rotation (2) . In the case of the <111> orientation, no rotation was observed. 1,000 A thick Co films for both (lOO) and (111) orientations were epitaxialIy grown on a Cu seeding layer. The detailed description of sample fabrication is given elsewhere(l).
The structural analysis was perfonned by 267 X-ray diffraction, Transmission electron microscopy (TEM), X-ray photo-emission spectroscopy(xpS), Auger electron spectroscopy (AES), and Rutherford back scattering (RBS) techniques.
High angle X-ray diffraction patterns indicate that the fcc Co and fcc Cu films are grown epitaxialIy along <lOO> and <111> directions of the Si (lOO) and (111) substrates, respectively. The lattice constants a of the fcc Co and Cu phases are found to be 3.540±0.OO2A and 3.612±0.OO2A, respectively, which are compared to the bulk values of 3.5447A and 3.6150A. The dispersion angles of the <100> and <111> axes of the Co flIms are 1.7° and 5.8° from rocking curves, respectively. There were no indication for the presence of the hcp phase in both cases.
A grazing angle X-ray diffraction technique(3) was used to examine the singlecrystallinity. Figure 2 (a) and (b) show the diffraction patterns for (200) and (220) in a 1.000 A thick, (lOO) oriented fcc Co film, respectively, The detector was placed at 29 for both (200)fcc and (220)fcc: planes. In both cases, the diffraction peaks were found at every 90° interval. This fact clearly indicates that the film is single crystal. The same technique was utilized for the (111) oriented films, and they were concluded to be single crystal as well.
The microstructural analysis was performed by high resolution electron microscopy using mOL 4OOOFX. epitaxial growth. In addition, several diffraction patterns were taken along the mm and they found to be very consistent with one another. This fact indicates that the entire film is epitaxial and very uniform in crystallographic structure. XPS analysis was carried on a Surface Science instruments SSX-lOO model 05 small spot ESCA spectrometer willh a monochromatic AlK source. 1 .000 e V survc~y scans were run on each sample, using a 800 J.l X-ray spot and 150 eV analyzer pass energy. High resolution scans (50 eV pass energy) for carbon. oxygen, cobalt, copper, silicon and the Fermi edge were run at the surface and at each interface. High resolution binding energies were referenced to the Fermi edge taken as 0.00 eV. Sputtering was done with 3 ke V Ar+ ions. XPS spectrum of (100) oriented film (Fig. 4) shows the layers to be contaminant free; there is no evidence of oxide at either the Co/Cu or Cu/Si interface. High resolution Cu and Si spectra at the Cll/Si interface show the peak binding energies to be within the experimental values of the pure zero- Carbon, oxygen, cobalt, copper and silicon were monitored after each sputter cycle. Sputtering was done with 3 ke V Ar+ ions, nominal sputter rate 25 Nmin on TazOs. Auger depth profile of the (100) oriented film (Fig.5) shows that there is no indication of the presence of silicide and oxide layers at the Cu/Si and Co/Cu interfaces. Furthermore, no significant oxidation is observed at the Co surface. The Cu/Si interface does seem to be broader than the Co/Cu interface, but this could be due to roughening during sputtering of a highly crystalline material, or loss of depth resolution due to mixing during sputtering. The time to sputter through the Co layer was -35 minutes; to sputter through the Cu layer -25 minutes. This differenCe most likely represents the higher sputter yield of copper relative to cobalt, and not an intrinsic thickness difference.
Finally, Rutherford back scattering analysis was performed to examine if any interdiffusion of Co and Cu or oxidation is present or not. In this analysis, two detectors were used to collect data at angles of 170° and 120° with respect to the beam direction (Le. 80° and 30° from the sample surface). The sample was tilted 7° from the sample normal (the beam is aligned with the sample normal). The analysis beam was 2.3 MeV Re+ ions, with a beam current of 20 nA.
The charge collected on each sample was 60 microcoulomb. Figure 6 shows the RBS spectrum of the metal peaks in a 1,000 A thick, (100) oriented Co mm, taken at 120°. Analysis was made to fit the observed profile using the bulk values of density for both Co and Cu. The best fit was obtained for that the Co is 950±5A, and the Cu is 935±5A. As stated above, those values are consistent with the measured on the TEM micrograph of the (:ross-sectional sample (Fig.3) . There is no clear evidence for any oxygen.
Conclusion
All these structural analysis indicate that the Co films grown onto a Cu seeding layer are single crystal and ther(:fore, the results of magnetic and magneto-optical properties published before(1) are considered to be representative data for fcc cobalt. A recent theoretical result(6) of the polar Kerr angle and ellipticity of a fcc phase Co is in reasonable agreement with the observ(:d spectra(1).
